We evaluated a household hollow fiber water filter program in 11 Honduran villages by assessing filter uptake and water quality. Filters were purchased by 90% of households; of these, 94% reported use within the past week. When comparing water treatment methods between baseline and followup, there were increases in the proportion of households reporting water treatment (74% vs. 93%, p < 0.001) and treatment by filtration (19% vs. 85%, p < 0.001), and decreased purchase of bottled water (44% vs 6%, p < 0.001), indicating acceptability of the water filtration systems. There was a significant decrease in the presence of Escherichia coli in water samples taken from 35 households at baseline and follow-up in water filter systems (p < 0.001). As a result, 68% of samples met WHO water quality guidelines (no detectable E. coli) 6-12 months after program implementation.
INTRODUCTION
Approximately 884 million people worldwide lack access to basic drinking water sources (WHO/UNICEF ), and an estimated 1.8 billion drink unsafe water from contaminated sources (Onda et al. ) , placing them at risk of enteric infections. Although global progress has been made in increasing access to basic water services in low-and middle-income countries since 2000 (United Nations ), many improved water supplies are not safe.
To address this problem, Sustainable Development Goal 6 aims to 'ensure availability and sustainable management of water and sanitation for all' by 2030 (United Nations ).
However, achievement of universal coverage has been elusive because of population growth and movement, cost, technical challenges, and climate change (Diamant ;
Moe & Rheingans ). Until universal coverage can be achieved, alternative methods for obtaining safe drinking water are important in order to protect the health of vulnerable populations lacking access to safe water. A number of field trials have provided evidence that simple, low-cost interventions at the household and community level are capable of improving the quality of water stored in the home (Clasen et al. ) and reducing the risk of diarrheal disease (Gundry et al. ) . A number of point-of-use water treatment technologies, such as chemical and solar disinfection, ultraviolet processes, and use of ceramic filters, have been developed, field tested, and shown to reduce diarrhea risk by over 30% (Clasen et al. ) . Despite evidence of the positive health impacts resulting from these technologies, household water treatment has been slow to scale up in the developing world, where need is greatest (Rosa & Clasen ) . Additionally, sustained use of these technologies has proved challenging (Luby et al. ) .
In Honduras, nearly 16% of the rural population lacked No data were available on bottled water quality. To ensure that the water supplies provided to these villages were safe, and to help families reduce the burden of paying for safe water, HOI initiated a program to create household access to two hollow fiber membrane filters (UZima or Sawyer).
HOI selected the two filters based on recommendations by an environmental engineer who believed that their ease of use, low cost (retail price approximately US$30 per filter), filter lifespan, and effectiveness in improving water quality (from product websites) were desirable characteristics.
Per HOI practice, in exchange for the filters, interested households contributed a small payment (usually US$5-6) towards a community fund to help with other village projects.
HOI requested that the Centers for Disease Control and Prevention (CDC) conduct an independent evaluation of the filter program to determine the effectiveness and acceptability of the filters. We performed the evaluation 6-12 months after implementation to assess filter use and its impact on household drinking water quality.
METHODS

Baseline data collection
In January 2016, CDC, HOI, and the Universidad Nacional Autonoma de Honduras (UNAH) conducted a baseline survey on demographics, socioeconomic status (including income), and water treatment practices among heads of all 650 households in 11 villages in the Agalta Valley. All surveys were conducted in Spanish by students from UNAH.
For water testing, we assumed a 50% stored water contamination rate in households at baseline, a 20% rate of contamination at follow-up, power of 0.9, and 95% confi- 
Follow-up evaluation
For the follow-up evaluation, we calculated the sample size adequate to determine an assumed level of use of the hollow fiber filters by 70% of the population, with 80% power and 95% confidence intervals, which yielded a sample of 216 households in 11 villages. In January 2017, we conducted a follow-up evaluation that included interviews among a random sample of 227 heads of households selected from a total of 650 households in 11 project villages using a random numbers table, and repeated stored water testing in the 48-household sample chosen at baseline.
Statistical analysis
Although baseline data were collected in all households in 11 villages, we limited analysis to the 227 households selected for the follow-up evaluation in order to have paired data for comparison. For households lost to followup, a chi-square test for independence was used to determine whether they were similar to those included at follow-up. Baseline and follow-up survey and laboratory data were summarized and compared using McNemar's test for paired participant data. 
Focus group discussions
Five focus group discussions (FGDs) were conducted from convenience samples in five villages, consisting of six to nine participants per group, to elucidate participants' opinions about the water filters. Each FGD was led by a local native speaker who followed a guide to elucidate participants' experience with drinking water access and water treatment technologies.
Ethical review
The Institutional Review Board representative at CDC determined that this evaluation was not research because we were evaluating public health practice. The Honduran Ministry of Health reviewed and approved the protocol.
Verbal informed consent was obtained from all participants.
Informed consent was obtained from heads of households at the time of the baseline and follow-up household visits, as well as for all FGDs.
RESULTS
Baseline
Of 227 households interviewed at baseline, 46 (20%) were excluded at follow-up, including 25 with no one home, five that refused to participate, four that had moved, and 12 for unknown reasons, leaving 181 (80%) households for paired baseline/follow-up data analysis.
At baseline, the median age of survey respondents was 49 years (range 20-92 years); 23% were female, 46%
reported completing a primary education, and 43% reported having at least one child <5 years old in the home. Monthly income ranged from US$88 to US$351; 88% had electricity.
There were no significant demographic differences between households included and excluded in the evaluation. 
Follow-up
A total of 162 (90%) respondents purchased hollow fiber filters from HOI (Table 1) . Of these, 93 (58%) households purchased UZima filters and 67 (42%) purchased Sawyer filters; 152 (94%) households reported using their filters in the past week. Survey respondents reported using filtered water for drinking (94%), cooking (65%), and washing vegetables (37%). Three (2%) respondents reported that their water filters broke and 18 (11%) reported broken backwashing syringes, but none had been replaced. There were no differences between UZima and Sawyer filters in reported use or broken parts.
There were increases from baseline to follow-up in the percentage of households reporting any water treatment (74% vs. 93%, p < 0.001) and treatment by filtration (19% vs. 85%, p < 0.001), and decreases in purchase of bottled water (44% vs. 6%, p < 0.001) ( Table 2) .
Laboratory results
Of 48 households selected for water testing, we excluded 13 (27%) from the final analysis because two lacked baseline 
Focus group discussions
The majority of FGD participants were women. The main discussion themes included satisfaction with the filters, gratitude toward HOI, but also poor filter system construction, no access to replacement parts for broken filters or backwashing syringes, and slow filtration rates (Table 3) .
Observations of some filter systems revealed a 15-cm gap between the top (reservoir) bucket and bottom (filtrate recipient) bucket that could permit animals, insects, hands, or other objects to contaminate filtered water.
DISCUSSION
Findings of this evaluation revealed that hollow fiber filter purchase and use were high and sustained in these commu- Although filter acceptability appeared to be high, qualitative data suggested several problems with performance.
The relatively short time period between implementation and follow-up raises a question about whether the problems water that participants actually drank, which was stored in the filter reservoir. By testing stored water rather than directly from the filter, we were unable to determine whether contamination occurred within the filter or in the storage container. In conclusion, we observed a statistically significant improvement in stored quality in households using hollow fiber water filters, which, along with the acceptability of the filters to the local population, suggests that the filters could be a useful option for household water treatment in the developing world in settings where water is likely to be contaminated. The persistence of E. coli contamination in a third of samples tested highlights that technical challenges still need to be addressed. In particular, poor filter stand design, the absence of tests of water directly from the filter, and the relatively short post-implementation followup period limited our ability to evaluate filter performance and acceptability adequately. We recommend a redesign of filter stands to eliminate the gap between buckets (which HOI reports has been accomplished), and a longer followup period, to assess filter durability and performance.
